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Introduction 
This report covers the testing of a 20'-0", 4/12 slope king-post truss design 
using 1 1/2-inch lumber with 3/8-inch nail-glued plywood gusset and splice plates. 
The program was a cooperative investigation between the Small Homes Council-
Building Research Council, University of Illinois at Urbana- Champaign, and GBH-
Way Homes, Inc. , of Walnut, illinois. The study evolved primarily from the recent 
changes in standard lumber sizes (1) ~/. Code bodies, lending agencies, designers, 
etc., are among those who have been requiring substantiating performance data on 
truss designs originally produced for 1 5/8-inch lumber and now fabricated with 1 1/2-
inch lumber. 
The graphical methods of analysis are unreliable in calculating stresses in the 
nail-glued truss. The combined stresses, due to secondary bending caused by the 
extreme rigidity of the nail-glued joint, are not considered in graphical methods of 
analysis~ therefore full- scale testing is generally accepted as a means of determining 
deflection and load at failure characteristics. 
The objectives of the program therefore included full-scale load tests to obtain 
both deflection data at design load and load-to-failure information on six randomly-
selected trusses representative of those contemplated for the construction of houses 
by the sponsor. The tests were conducted on the hydraulic test floor of the SHC- BRC, 
University of Illinois (2). 
Truss Design 
The truss design used in this test series follows SHC- BRC Instruction Sheet No. 6, 
(3) with the following modifications: 1 1/2-inch, "1750f" stress-rated lumber and 3/8-
inch structural grade plywood gusset plates were used. The span was 20'-0" and the 
roof slope 4/12, as shown in Figure 1. The truss was fabricated with a 36-inchl!i top 
chord overhang. The trusses were fabricated by nail-gluing with casein glue and power-
driven nails, using plywood gusset and splice plates applied to both sides ( 4). 
The test units supplied by the sponsor had been randomly selected from production 
at the fabrication plant in Walnut, Illinois. The selection was programmed to provide 
test units representative of day-to-day production. They were transported to the University 
and tested in January, 197 5. 
~/ Numbers in parenthesis refer to references in the bibliography. 3 
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Figure 1. Truss configuration showing dimensions of 
lumber and plywood. 
Design Loads 
The basic design loads used in establishing the test loads for the trusses were 
DESIGN LIVE LOAD 
30 psf gravity load applied to the top chords 
DESIGN DEAD LOAD 
10 psf applied to the bottom chord 
10 psf applied to the top chords 
Since these trusses are designed to be spaced 24 inches on center, the total 
design loads are as follows: 
TOTAL DESIGN LIVE LOAD 
TOTAL DESIGN DEAD LOAD 
TOTAL DESIGN LOAD 
1200 lbs. 
800 lbs. 
2000 lbs. 
Data is presented showing deflections for the condition when two feet of the over-
hang was loaded as well as when the overhang was not loaded. An additional load of 
240 lbs. increased the design live load to 1440 lbs. when two feet of each overhang was 
loaded with 120 lbs. 
Test Procedures 
Nearly all of the earlier truss designs published by the SHC-BRC and the 
Purdue Wood Laboratory were tested in pairs, in a vertical position, covered with 
roof sheathing and loaded with concrete blocks (5). However, for more recent tests, 
including this series, a specially-designed hydraulic facility was used. The facility 
is designed to apply loads at various points and in various directions. For these tests, 
the forces representing the ceiling dead loads were applied to the bottom chord through 
one hydraulic system and those representing the roof dead load and live load were 
applied to the top chords through a second complete hydraulic system, as shown in 
Figure 2. 
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Figure 3 . Calibrated load cells located two 
inches £ron1 each enJ of truss . 5 
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The loads were applied by hydraulic cylinders exerting forces at one-foot 
intervals along the top chords. The bottom chord was also loaded with a separate 
cylinder and pump arrangement through a yoke positioned to load the bottom chord 
at two points as shown in Figure 4. 
Figure 4. King Post Truss in position ready for tests. 
Separate load cells monitored the bottom chord loading, and roller hold-down 
brackets prevented lateral movement of the truss during the tests. Two-inch capacity 
dial gages were positioned at three locations along the bottom chord to measure deflection 
and were read to the nearest thousandth of an inch. Each truss was flexed by loading to 
full design load (dead load plus live load) five times prior to starting the deflection test. 
The design load for this truss, a total of 2000 pounds, included a dead load of 800 pounds, 
equivalent to 10 psf. applied to the bottom and the top chords; the live load, 1200 pounds, 
equivalent to 30 psf. was applied to the top chords only. Test procedures included apply-
ing the dead load to the truss prior to setting the deflection "zero" on the dial gages (6). 
(The lower chord pumping system was capable of maintaining the dead load at a constant 
force as the truss deflected during the live load application.) The live load (L. L.) was 
then applied in increments of 1/4 L. L., 1/2 L. L., 3/4 L. L., and total L. L. Deflection 
readings were taken at each load level. The live load was removed and the residual 
deflection recorded. This test required approximately 30 minutes elapsed time per unit. 
The second part of the deflection tests involved loading two feet of each overhang 
during the live load tests. (The third foot of the overhang was not loaded because such 
loading would unnecessarily complicate the test set up.) After both deflection tests had 
been completed, the gages were removed and each truss loaded to failure. 
Test Results 
Each set of deflection test data is tabulated in the Appendix. Deflection at each 
dial location was averaged for the six test tru$ses with the results shown in Figure 5a 
and 5b. 5a shows the average deflection without a load on the overhang; 5b shows the 
average deflection with two feet of the overhang loaded. In all cases the overhang 
raised (shown at dial gage locations LO and RO), during application of the live load. 
This negative vertical movement was greater when the overhang was not loaded. These 
averaged results are shown as negative numbers in both Figures 5a and 5b. 
roof loads: d.l. 20 psf. 
1.1. 30 psf . 
lEFT 
deflection-design loads: 1200# on trusses 
(30 psf.) 
L/360 = 0.66" (allow.) 
RIGHT 
Figure 5a. Average deflection curve for the six units without an overhang load. 
roof loads: d.l. 20 psf . 
1.1. 30 psf. 
deflection-design loads: 1440 # on trusses and 
two feet of overhang 
( 30 psf. ) 
L/360 = 0.66" ( allow. ) 
Figure 5b. Average deflection curve for the six units with two feet of each 
overhang loaded. 
RIGHT 
Allowable deflection limitations vary among codes and lending agencies, with 
L/360 as a common criteria where "L" is the span of the truss in inches. For the 
span tested, L/360 equals 0. 66 inches the allowable deflection at the design live load. 
Maximum deflection under full-scale test, at design live load, averaged 0. 251 inches 
and occurred at dial location No. 3 as shown in Figure 5a, (overhang not loaded). 
When the overhangs were loaded, maximum deflection averaged 0. 180 inches and also 
occurred at dial location No. 3, Figure 5b. 
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For the load-to-failure tests, the dial gages were removed and both dead and 
live loads were applied to each truss. The live load was then gradually increased 
until structural failure occurred. The load-to-failure tests required approximately 
10 minutes to complete. Failure at maximum load occurred at different locations on 
each of the six test units. For purposes of orientation in the following discussion, 
"right" and "left" are shown in Figure 5a and 5b as right overhang (RO), and left 
overhang (LO). 
Truss No. 1 failed at a total load of 6200 pounds in the "right" top chord as a 
bending failure in the lumber, as shown in Figure 6. 
Figure 6. Bending failure in "right" upper chord of Truss No. 1 
Failure occurred in Truss No. 2 at a total load of 4000 pounds in the "left" lower 
chord, at a knot location, at the end of the heel joint as shown in Figure 7. 
/. p '#.:.. 
Figure 7. Failure occurred in the left lower chord at 
a knot location under the edge of the gusset 
plate in Truss No. 2. 
Failure occurred in Truss No. 3 at a total load of 5700 pounds in the "left" lower 
chord as a result of excessive cross grain. 
Figure 8. Excessive cross grain caused failure 
in the left lower chord of Truss No. 3. 
Truss No. 4 failed at a total load of 4600 pounds at a knot location in the "left" 
upper chord as shown in Figure 9. 
k.P *''~-
Figure 9. Failure in Truss No. 4 occurred at a knot 
location in the "left" upper chord. 
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Failure occurred in Truss No. 5 at a total load of 3900 pounds at a knot location 
in the "right" upper chord as shown in Figure 10. 
Figure 10. Failure occurred at a knot location in the 
right upper chord of Truss No. 5. 
Failure occurred in Truss No. 6 at a total load of 4600 pounds in the right upper 
chord as a bending failure as shown in Figure 11. 
Figure 11. Bending failure in the right top chord 
of Truss No. 6. 
Conclusions 
Deflection Results 
The maximum average deflection of 0. 251 inches, at the design live load of 
1200 lbs., was well within the allowable criteria of 0. 66 inches (L/360). This was 
for the test when the overhang was not loaded with a live load. 
For the tests with the overhang loaded, the maximum average deflection of 
0. 180 inches, at the design live load of 1440 lbs., was also well within the allowable 
criteria of 0. 66 inches. 
In all cases, the overhang "raised" during application of the live load regardless 
of whether the overhang was loaded or not. Furthermore, the deflection in the bottom 
chord was less when the overhang was loaded. 
Failure Results 
Truss No. 1 failed in the right top chord at 6200 lbs. Truss No. 2 failed in the 
lower chord at a knot location near the left heel joint, at a load of 4000 lbs. Truss No. 3 
failed in the lower chord near the left heel joint, as a result of excessive cross grain, 
at a load of 5700 lbs. Truss No. 4 failed at a knot location in the upper left chord, at a 
load of 4600 lbs. Truss No. 5 failed at a knot location in the upper right chord, at a 
load of 3900 lbs. and Truss No. 6 failed in the upper right chord at a load of 4600 lbs. 
Average failure load for these six units was 4833 lbs. Indicated safety factors, on the 
basis of live load was 5. 2, 3. 3, 4. 7, 3. 8, 3. 2 and 3. 8 for the six trusses respectively. 
The average safety factor on the same basis was 4. 0. 
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TEST RESULTS - 20-FOOI' - 4/12, NAIL-GLUED KING-POST DESIGN 
w"'f ';bRo 
Design Dead Load (D. L.) 
Design Live Load (L. L. ) 
Total Design Load 
800 lbs. (20 psf.) 
1200 lbs. (30 psf.) 
2000 lbs. (50 psf.) 
OBSERVED DEFLECTIONS - OVERHANG NOT LOADED L/360 = 0. 66" 
D.L. D. L. + 1/4 L. L. D. L. + 1/2 L. L. D. L. + 3/4 L. L. D.L. + L.L. D.L. Deflection at 
Dial Location 800 lbs. 1100 lbs. 1400 lbs. 1700 lbs. 2000 lbs. 800 lbs. Design Load 
TRUSS NO. 1 
RO 
1 . 000 • 060 .114 . 173 .234 . 014 . 234 
2 .000 . 018 . 032 .048 .066 . 003 .066 
3 .000 • 052 . 100 . 155 . 229 .006 .229 
LO 
Failure Load: 6200 lbs. - Right u.e.eer chord, bending failure in the lumber {5. 2 times L. L. ~ 
TRUSS NO. 2 
RO • 000 -. 131 .286 -.018 . 286 
1 .000 • 046 .096 . 215 . 010 • 215 
2 . 000 . 019 .039 . 091 . 011 .091 
3 .000 . 077 .149 • 228 . 018 . 228 
LO .000 -. 092 -.193 - . 321 -.026 - .321 
Failure Load: 4000 lbs. - Left lower chord, knot at edge of heel gusset {3. 3 times L. L. ~ 
TRUSS NO. 3 
RO . 000 -. 074 -. 145 -. 219 -.298 -. 023 - .298 
1 .000 .061 . 121 . 171 . 236 .031 .236 
2 .000 . 019 . 034 .049 .068 .008 .068 
3 .000 . 059 .113 .173 . 236 . 018 .236 
LO . 000 -. 077 -. 135 
-. 204 -. 269 -. 016 - .269 
Failure Load: 5700 lbs. Left lower chord, 1:12 slo.ee grain {4. 7 times L. L. ~ 
TRUSS NO. 4 
RO .000 -. 059 -. 125 -. 206 -. 280 -. 020 
-
. 280 
1 . 000 .046 . 092 . 150 . 239 .020 .239 
2 .000 . 016 . 034 . 052 . 073 .005 . 073 
3 .000 . 077 .147 .214 .299 . 017 .299 
LO . 000 -. 089 -.163 -.254 -. 347 -.028 - . 347 
Failure Load: 4600 lbs. Left u.e.eer chord at a knot location {3. 8 times L. L. ~ 
TRUSS NO. 5 
RO .000 -. 079 -.142 -. 213 -. 285 -. 029 - .285 
1 .000 .058 . 107 . 162 • 243 .039 . 243 
2 .000 . 019 . 035 .056 . 077 . 010 .077 
3 .000 .075 . 150 . 244 .288 . 016 . 288 
LO . 000 -. 086 -. 176 -. 280 -. 373 -. 020 - .373 
Failure Load: 3900 lbs. Right u.e.eer chord at a knot location {3. 2 times L. L. } 
TRUSS NO. 6 
RO .000 -. 063 -.119 - .194 -. 265 -. 035 - .265 
1 .000 . 050 .098 .152 . 224 . 016 . 224 
2 .000 . 017 .033 .051 . 069 .000 .069 
3 .000 .058 .111 . 170 .226 .001 .226 
LO .000 -. 073 -. 133 -. 206 -. 277 -. 040 - . 277 
Failure Load: 4600 lbs. Right u.e.eer chord, bending failure {3. 8 times L. L. ~ 
TEST RESULTS- 20- FOOT - 4/12, NAIL-GLUED KING-POST DESIGN 
Design Dead Load = 960 lbs. (20 psf. - including 2-feet of overhang) 
w1( 1;-oo Design Live Load = 1440 lbs. (30 psf. - including 2-feet of overhang) Total Design Load = 2400 lbs. (50 psf. - including 2-feet of overhang) 
L/360 = 0. 66" OBSERVED DEFLECTIONS - OVERHANG LOADED 
D.L. D. L. + 1/4 L. L. D. L. + 1/2 L. L. D. L. + 3/4 L. L. D.L. + L.L. D.L. Deflection at 
Dial Location 960 lbs. 1320 lbs. 1680 lbs. 2040 lbs. 2400 lbs. 960 lbs. Design Load 
TRUSS NO. 1 
RO .000 -. 048 -. 084 -. 119 -. 151 -. 045 - . 151 
1 . 000 . 040 . 080 . 115 .160 .024 . 160 
2 . 000 . 013 . 027 . 038 . 054 .005 . 054 
3 . 000 .034 . 069 .098 .135 .009 . 135 
LO . 000 -. 027 -. 052 -. 069 -. 084 -. 031 - . 084 
TRUSS NO. 2 
RO . 000 -. 029 -. 052 -. 083 -. 101 -. 035 - . 101 
1 • 000 . 030 . 057 .095 . 139 .020 . 139 
2 . 000 .015 . 030 .047 • 071 .014 . 071 
3 .000 .044 . 092 . 149 .221 . 032 .221 
LO . 000 -. 031 -. 061 -.119 - .175 -. 063 - . 175 
TRUSS NO. 3 
RO . 000 -. 028 -. 055 -. 086 -. 118 -. 047 - . 118 
1 .000 . 039 . 075 . 120 .154 .022 . 154 
2 . 000 .015 . 027 . 042 . 059 .005 . 059 
3 . 000 .049 . 084 .126 . 157 .021 .157 
LO . 000 -. 029 -. 053 -. 073 - .109 -. 023 - . 109 
TRUSS NO. 4 
RO . 000 -. 011 -. 028 -. 046 -. 098 -. 050 - .098 
1 . 000 . 024 .046 . 083 .125 • 024 . 125 
2 .000 .004 .016 . 033 • 047 .002 . 047 
3 . 000 . 054 . 093 . 151 . 207 .042 . 207 
LO . 000 -. 034 -. 058 -. 085 - .142 - .064 - • 142 
TRUSS NO. 5 
RO . 000 -. 012 -. 047 -. 067 -. 090 - .040 - .090 
1 . 000 .024 . 060 .098 .135 .031 . 135 
2 .000 . 014 . 029 .044 .059 . 006 . 059 
3 . 000 .058 . 101 .148 .207 .029 . 207 
LO .000 -. 034 -. 063 -. 093 - .139 -. 026 - . 139 
TRUSS NO. 6 
RO . 000 -. 018 -. 041 -. 064 -. 087 -. 035 - . 087 
1 . 000 .034 .061 .096 . 121 .011 . 121 
2 .000 . 014 .025 . 039 • 052 .004 . 052 
3 .000 . 051 .074 . 122 . 153 .016 . 153 
LO . 000 -. 028 -. 051 -. 080 - .106 -. 026 - . 106 
